This editorial questions the preeminence of algebra in our mathematics curriculum. The GATC (Geometry, Algebra, Trigonometry, Calculus) sequence abandons the fundamental middle school math topics necessary for quantitative literacy, while the standard super-abundance of algebra taught in the abstract fosters math phobia and supports a culturally acceptable stance that math is not relevant to everyday life. Although GATC is seen as a pipeline to STEM (Science, Technology, Engineering, Mathematics), it is a mistake to think that the objective of producing quantitatively literate citizens is at odds with creating more scientists and engineers. The goal must be to create a curriculum that addresses the quantitative reasoning needs of all students, providing meaningful engagement in mathematics that will simultaneously develop quantitative literacy and spark an interest in STEM fields. In my view, such a curriculum could be based on a foundation of proportional reasoning leading to higher-order quantitative reasoning via modeling (including algebraic reasoning and problem solving) and statistical literacy (through the exploration and study of data).
Introduction
There has been a steady growth of QR-type courses since 1995 with Math for the Liberal Arts and Finite Math enrollments rising 63% from 195,000 students in 1995 to 318,000 students in 2010 (Table 1) .
1 Meanwhile, Calculus I enrollments rose only 20% over the same period, from 250,000 to 300,000 It is worth underscoring that the two general education math courses exceeded mainstream Calculus I enrollments 318,000 to 300,000 in fall 2010. (Bennett 2012; Gaze 2012 ) raises the still-relevant question of why the current mathematics curriculum is so devoid of the material needed to navigate our personal worlds of finance, business, and citizenship. We in the National Numeracy Network and the QR movement are undoubtedly familiar with the rationale for the "GATC" sequence (Geometry, Algebra, Trigonometry, Calculus). It is billed as a pipeline to the STEM fields (Science, Technology, Engineering, and Mathematics) and, hence, the critical professions that drive job growth and scientific/technological innovation. Conventional wisdom dictates that calculus, in particular, holds pre-eminent status as the gateway to STEM. Fifty years ago, if you asked STEM faculty in universities and colleges for the mathematical pre-requisites for success in calculus, they undoubtedly would reply algebra, with a bit more algebra, some trig, and then more algebra. Not only does the GATC sequence completely abandon the fundamental middle school math topics necessary for quantitative literacy but this super-abundance of algebra taught in the abstract fosters math phobia and supports the culturally acceptable stance that math is not relevant to everyday life. th grade cohort) led Secretary Duncan to conclude we are experiencing a STEM crisis and need to increase the numbers of STEM graduates by "increasing the rigor of what is taught in the classroom" (i.e., algebra). Mike Shaugnessy, on the other hand, looks at the other 3,846,240 students (96%) for whom the "tunnel of repetitive algebra" paid no dividends and sees a QR crisis; he asks for a better mathematical experience for these students.
Just how crowded is this tunnel of repetitive algebra? The developmental math program at two-year colleges is centered on algebra with 61% of all math enrollments at two-year schools in Fall 2010 in some flavor of algebra (Table 2 ). This statistic is even higher given that 30% of two-year schools have their precollege level math programs offered outside of the math department in developmental (remedial) programs. For students enrolled in these courses, algebra is not so much the key to success in college as the barrier to entry. To continue to teach these students the standard form of algebra over and over hoping for a better result is pointless. What is needed is a better way to teach algebra. A rigorous QR course can provide just the setting by grounding algebra in real-world context. The QR community appreciates the severity of the STEM crisis and does not see addressing the QR crisis (creating quantitatively literate citizens) as being at odds with creating more scientists and engineers. In some sense, they are two sides of the same coin. The QR community seeks to create a curriculum that addresses the quantitative reasoning needs of all students, providing meaningful engagement in mathematics that will simultaneously develop quantitative literacy and spark an interest in STEM fields. NCTM President Mike Shaughnessy points out that the current "layer cake of algebra-dominated mathematics" exists solely to prepare students for calculus, and he offers four concrete alternative pathways:
1. Data analysis, combinatorics, probability and numerical trends/modeling.
Statistical thinking and decision making.
3. Linear algebra.
Multivariate applications of calculus and statistics.
Quantitative Reasoning courses can provide the necessary foundation for this mathematics curriculum, building and developing the critical middle school mathematics topics that currently are abandoned in high school but serve as the foundation for numeracy. In addition, a QR course can deepen algebraic reasoning through intentional teaching utilizing spreadsheets for data analysis and modeling.
Developing QR Curricula
My background in QR includes both teaching and assessing QR spanning the entire K-16 curriculum:
• teaching and developing a QR course for college students which has led to the writing of a QR textbook, Thinking Quantitatively (Gaze, in preparation),
• creating and developing the curriculum for a Masters in Numeracy Program for K-12 teachers at Alfred University (Gaze 2010),
10.
Analyze real world data through descriptive statistics (measures of central tendency and dispersion), normal distributions, and z-scores.
11.
Use algebraic reasoning to explore relationships between variables, including the construction and use of equations to solve problems, i.e. modeling.
12.
Research and select appropriate formulas/strategies to solve real world problems. Solve a variety of application problems in the above areas.
13. Use relevant mathematical language, laws, and notations appropriately.
14. Use a scientific calculator proficiently as related to coursework.
15.
Use computer technology, which may include the Internet, spreadsheets, or computer tutorials/simulations to enhance the course objectives.
Conclusion
The above-listed QR curriculum focuses first on the key numeracy skill set of proportional reasoning by systematically developing the concepts of unit, scale, fraction, percent, proportion, decimal, and rate around the common theme of ratio. This foundation leads to higher-order quantitative reasoning via modeling, with statistical literacy guiding the exploration and study of data. Spreadsheets offer an easy entry into modeling with computers, while at the same time developing students' algebraic reasoning.
